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Procsesing metalg by compression (rolling and milling) is characterized by
variable rates of deformation, which have not Leen thoroughly investigated. An
attempt is made in this article to explain one effect which takes Tlace during a
varisble defcrmation rate.

Iot & prism of height Zmm be campressed between nlates'of a press at the rate
of ¥ mfsec. The rate of deformation will ther equal

(1)

This equation can alno be extended to other commreusive processes since these
oan be considered to be compcred contractions (or expansions) of various piic-ms 1n-
to which any sclid undergoing transformation may be thecretically broken up.

The approximate rslation between deformation rate and resistance during plas-
tic defarmation is shown in Figure 1, Resistante grows witk inorease in ratz and
aeymptotically appreoachos & certain maximm, .

There ie not much experimental data to establish the exact relation, but it
can be reliably accepted that the indicated maximum resistance dwring "hot™ defor-
mations is twy or three times greater than the initial resistance, vhich Is ob-
served at deformation rates close <o zero.
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In rolling iron, forging, a:.¢ dic s‘am:ing, the deformatioan rate varies fram
.ueveral thousand nercent n nonond » the “eptneines to zerc et the end of detorma-

ticn. Quite en Importent problem appearss usnely, hou to compute this variable
rate during the determination of resistance,

The theory of processing m2tals by compression usually assumes that there is
a close comnection between deformation rate and reclstance and that the recietance
drops with the decreese in raie in accordance with the approximate relationahi
graphed in Figure 1. Therefore, the determination of resistance involves the gues-
tion of averege deformation rates. Becauoe the flnal rate always equals zero, this
average 1s approximately half the initial rate, if in the first approximation the
deformation rate is assumed to diminish linearly. )

It aezma to ue th;t this point of view is not cunpletely accurate, for the
reagon that the timd of stay of the metal in the deformed state is so short that
the reeistance cannot decreass to the same extent as the deformation rate.

For the explanation of this, we. shall examine the graph in Figure 2, which
shows the contraction of & small cylinder of alloyed lead and antimony in a press
vhich can quickly stop and start again. {The duration of the stops grows pucces-
gively ehorter.) After each stop, the deformation rate equals zero; the resistance
incresses rapldly at first, and then more and more slowly. This phenomenon ia
imown as "relaxation” and 1s caused by the fact that plastic deformation decreases,
aince it takes place at the expense of elastic deformatien after prese stoppage.
Resistance is proportional to elastic deformation and decresses 4n proportion te
decrease of the latter, ‘

This "internal" deformstion is no different in principle from ordinary defor-
mation, but the outer dimensions of the cylinder remain unchenged, and according
to the accepted definition of deformation rate (1), the deformation rate is equal
to zero. The relaxation rate is measured by the decrease im resistance per second;
from this point of view it representes an esgsentially new quantity which is depend-
ent only npon the "excess" elastic deformation and is not connected with the change
in form of the solid. We ahall note,by the way, that ths excess eiamstic deformati ..
depende not only upon the mechamical properties of deformed metal, but also upon
the hardness of the machine, slthough this condition does not influence greatly our
line of rcascning here,

The shorter the duration of press stoppage, the less the relaxation accion can
develop and the less the resistance decreases; in the optimum case, where the press
stops Just for one instaut, resistance would not be able to decrease at ail, al-
though the deformation rete would egual zero, .

If, instead of fully stopping the press. we suddenly desreage its rate, then
the described characteristic of the phenmmenon ie pressrved: after the rate is
decreased, the resistance will begin to fall and strive to attain the value corre-
sponding to tho new lower deformution rate. ia value will be attained only 1if
the duration of the press movement at the decresstd rate.is sufficiently great so
that the excess of stress (elastic deformation) will be absorbed at the expense cf
relaxation. Reversely, « decrease ir resistance will be obtained which becomes
smaller the shorter the time of change in the press, as shown in Figure 3.

If we go still further and replace the instuntaneous change of rate by a grad-
val rate and consider it as succession of many instantaneous changes, then ve will
reach the followiig concluaion: In order for a fixed reletion to exist between
deformation rate and resistance, the rate of decrease of the rate mast he lower
than or equal ic the relaxation rate.

The matter is entirely different during increase In rate. Figure 2 shows
taet resietance grovs gradually with increase in rate /the starting of the press);

howsver, this is not csused by the softening of the metul during the stopping of
tre press. Arfiter the starting of the press, the deformation rate immedtately
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reaches its previous wvalue and st once a cloze relation is established between
rate and resistence, which increwles oniy due Lo the hardening taking plece. In

: order to satisfy ourselves that tiis is ao, let ue see the difference betwee. the
el | ) phenomenon observed during decreasing rates and that during incrrasing rates. '

The press plates, during contraction, ure able only to come together; thers-
fere, once elastic deformation (and the stress which is proportional to it) appears,
it can be decress?d only at the expense of relaxation, for ~hich a definite time is
requirsid, Increamze in elastic deformations between the converging press platee is
possible and takes place almost inetantancorsly, If the rate is increased, then
rentstance increases, and immediately a relation betwesn rate and resistsnce is
eatablished, ue only a sécond 1s nseded for creating a supplementary elastic defor -
mation, ‘

It is difficult to evaluate to what extenc ihe resistance can decreape during:
forging or iron rolling. The duration of these proceeses, as can be essily .veri-
fied by calculation, amounts to some tenths or hundredthe of a secord. On the
other hand, due to the enormous change in rate, the excess siress obtained is quite
considsrable and the relaxation rate is very khigh. This problem zan only he solved
by-tests on'a high-speed press, which permite a change in rate during one astroke,
{ee., to obtain a diag im similar to that shown in Figure 3. Neither the comstiruc -
don. of such a presg nor the measurement ¢f the vtress appearing during it is tech.

nically difﬁcul’t &t this time.

The experimental. ‘solution of this problem is a matter of great importance, if
& decresse In resistance is insignificant, and this appeers to be quite rrobasble,
then the resistence during forging and iron rolling is most acourately obteained from
the initial rate of deformation. These initial rates are gquite high (from 10,000
to 30,000 per second), and, as can bs seen from Figure 1, they give approximately
the same value of resistance close tc the maximum. In such a case, the factor of
variable rate is excluded fram the calculetions in determining resistance, and “hus
the calculations of technological processes become greatly simplified.

P [Apponded figures follow,/
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